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Docket No.: 1454.1202 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of: 
Volker DETERING et al. 

Serial No. Group Art Unit: 

Confirmation No. 

Filed: (concurrently) Examiner: 

For: ELECTRONIC CIRCUIT GENERATING A TRANSMIT FREQUENCY (as amended) 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Before examination of the above-identified application, please amend the application as 

follows: 

IN THE TITLE: 

Please DELETE "ARRANGEMENT". 

IN THE SPECIFICATION: 

Please REPLACE the pending specification with the substitute specification attached 

hereto. 

IN THE CLAIMS: 

Please cancel without prejudice or disclaimer claims 1-15 in the underlying PCT 
application. Please also cancel claims 1-15 without prejudice or disclaimer and ADD new claims 
16-30 in accordance with the following: 

16. (NEW) An electronic circuit for generating a transmit frequency for a transceiver 
comprising: 

a controllable oscillator to generate an output at an oscillator frequency; 

a divider, coupled to said controllable oscillator, to produce an output with a 
frequency 1/N of the oscillator frequency; and 



a mixer stage having inputs coupled to the outputs of said controllable oscillator 
and said divider and producing an output, used in generating a signal at the transmit frequency. 

17. (NEW) The electronic circuit as claimed in claim 16, further comprising a band 
filter, coupled to the output of said mixer stage, to generate the signal at the transmit frequency. 

18. (NEW) The electronic circuit as claimed in claim 17, further comprising a phase 
locked loop circuit coupled to an input of said controllable oscillator to provide a reference 
frequency and to receive as an input at least one of the output of said controllable oscillator and 
the signal at the transmit frequency produced by the band filter. 

19. (NEW) The electronic circuit as claimed in claim 17, further comprising 

a transmit output stage coupled to receive the signal at the transmit frequency 
from said band filter; and 

a control device, coupled to the output of said mixer stage when said transmit 
output stage is switched on, to superimpose on an oscillator control signal a data signal to 
generate a frequency modulation of the output of said controllable oscillator. 

20. (NEW) The electronic circuit as claimed in claim 16, wherein said mixer stage 
comprises a single-sideband mixer. 

21. (NEW) The electronic circuit as claimed in claim 20, wherein said single-sideband 
mixer is an image Reject Mixer. 

22. (NEW) The electronic circuit as claimed in claim 20, further comprising a phase 
locked loop circuit coupled to an input of said controllable oscillator to provide a reference 
frequency and to receive as an input at least one of the output of said controllable oscillator and 
the output of said single-sideband mixer. 

23. (NEW) The electronic circuit as claimed in claim 22, further comprising 

a transmit output stage coupled to receive the signal at the transmit frequency 
from said single-sideband mixer; and 



a control device, coupled to the output of said single-sideband mixer when said 
transmit output stage is switched on, to superimpose on an oscillator control signal a data 
signal to generate a frequency modulation of the output of said controllable oscillator. 

24. (NEW) The electronic circuit as claimed in claim 23, wherein said control device is 
an ASIC component. 

25. (NEW) The electronic circuit as claimed in claim 23, wherein said control device 
activates two switches alternately, to disconnect the control input of the oscillator upon 
switching on said transmit stage by said phase locked loop circuit and to supply the data signal 
for frequency modulation. 

26. (NEW) The electronic circuit as claimed in claim 25, further comprising 

a superimposition receiver, coupled to the output of said controllable oscillator to 
obtain a superimposition frequency directly from the oscillator frequency; and 

a switch circuit having a first input used during transmission coupled to the 
output of said mixer stage, a second input used during reception coupled to said controllable 
oscillator, and an output coupled to said phase locked loop circuit. 

27. (NEW) The electronic circuit as claimed in claim 16, further comprising an amplifier 
having an input coupled to the output of said mixer stage. 

28. (NEW) The electronic circuit as claimed in claim 16, wherein said controllable 
oscillator is voltage-controlled. 

29. (NEW) The electronic circuit as claimed in claim 16, wherein said controllable 
oscillator is current-controlled. 

30. (NEW) The electronic circuit as claimed in claim 16, wherein a reference frequency 
is supplied externally. 



31 . (NEW) The electronic circuit as claimed in claim 16, further comprising a 
modulator, coupled between said divider and said mixer stage, to supply an IQ modulation 
baseband signal. 

32. (NEW) The electronic circuit as claimed in claim 31, wherein said modulator 
performs vector modulation. 

33. (NEW) The electronic circuit as claimed in the preceding claim 32, wherein the 
output from said divider, phase-shifted by 0790°, is used in generation of the vector modulation 
of said modulator. 

34. (NEW) The electronic circuit as claimed in claim 16, further comprising a 
modulation stage at an output of said electronic circuit to perform modulation of the transmit 
signal. 

35. (NEW) The electronic circuit as claimed in claim 31 , wherein said modulation stage 
is a vector modulation stage. 

IN THE ABSTRACT: 

Please DELETE the Abstract in its entirety and replace with the attached Substitute 
Abstract. 

REMARKS 

This Preliminary Amendment is submitted to improve the form of the English translation 
as filed. It is respectfully requested that this Preliminary Amendment be entered in the above- 
referenced application. 

In accordance with the foregoing, claims 1-15 have been canceled and claims 16-35 
have been added. Thus, claims 16-35 are pending and are under consideration. 

A substitute specification is also being filed herewith. The substitute specification is 
accompanied by a marked-up copy of the original specification. 

If there are any questions regarding these matters, such questions can be addressed by 
telephone to the undersigned. Otherwise, an early action on the merits is respectfully solicited. 



If any further fees are required in connection with the filing of this Preliminary 
Amendment, please charge same to our Deposit Account No. 19-3935. 

Respectfully submitted, 

STAAS & HALSEY LLP 



Date: 

Richard A. Gollhofer 
Registration No. 31,106 

700 Eleventh Street, NW, Suite 500 
Washington, D.C. 20001 
(202) 434-1500 
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SUBSTITUTE SPECIFICATION 

TITLE OF THE INVENTION 

ELECTRONIC CIRCUIT FOR GENERATING A TRANSMIT FREQUENCY 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to German Patent Application No. 
19928998 filed on June 24, 1999, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates to an electronic circuit for generating a transmit frequency for a 
transceiver. 

2. Description of the Related Art 

[0003] The inventors are familiar with similar circuits from the prior art for generating 
corresponding transmit frequencies in a TDMA radio system (for example DECT, GSM, PHS). 
The abbreviation TDMA stands for "Time Division Multiple Access". A typical circuit is 
composed of an oscillator for generating frequencies, a transmit amplifier, a receiver and a 
control device which determines the chronological sequence of alternating transmit and receive 
states. In general, the oscillator frequency for setting the transmission channel via the control 
device using a PLL (phase locked loop) is set before the switching on of the transmitter since, 
for technical reasons, a certain setting time is required for this process. The invention relates to 
the case of transmission in such a TDMA system as illustrated schematically in Fig. 1 . 

[0004] The problem of such a simple circuit is that the generation of frequencies is disrupted at 
the moment of the switching on of the transmit amplifier owing to the load change in the 
amplifier or due to feedback. As a result, an undesired frequency jump is generated. Such a 
load change occurs, for example, during the switching on of the transmit amplifier as a result of 
the change in its input impedance. An effect on the generation of frequencies can arise, for 
example, owing to irradiation by the antenna, or due to other coupling parts between the 
transmit output stage and the generation of frequencies, for example due to the supply voltage. 

[0005] In particular in TDMA systems which, for costs reasons, operate with a slow PLL control 
loop, or open the control loop for the duration of the modulation, this effect is a large problem for 
the implementation because the frequency jump can no longer be corrected by the PLL circuit. 
An example of this is the open-loop modulation of a DECT system. 
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[0006] The abovementioned problem is tackled by various circuits known to the inventors. For 
example, there is a possibility of bringing about a reduction in the load change which is visible 
for the generation of frequencies by inserting damping elements and isolating stages between 
the frequency generating components and the transmit amplifier. In addition, additional 
shielding of the frequency generating components in the form of a Faraday cage can ensure 
that the irradiation is reduced. Furthermore, additional blocking against electromagnetic 
irradiation, for example by specially shaped plugs, can be provided on the lines which lead into 
the shield. An example of such a known circuit device is shown in Fig. 2. 

[0007] It is also known that the insertion of frequency multiplication stages or divider stages in 
the frequency generating components prevents the feedback and thus the influence on the 
frequency generating components. Here, an oscillator oscillates at a harmonic or subharmonic 
of the desired frequency, as a result of which both a low load dependence and a lower 
s . sensitivity to the irradiation of undesired frequencies is produced in accordance with the degree 
O of multiplication or division. This circuit is illustrated schematically in Fig. 3. 

i""""s 

M [0008] Finally, the relatively costly use of a transmission mixing concept, such as is illustrated 
ri schematically in Fig. 4, for solving the abovementioned problem is known to the inventors. 

2 [0009] In this transmission mixing concept, the frequencies of two oscillators are mixed in a 

r mixer stage and the desired frequency filtered out from the mixing products. Because the 

^ oscillators have a nonharmonic relationship with the desired frequency, there is a resulting high 

ry degree of immunity to the load changes and effects. As a result, the requirements made of the 

U shielding, the blocking and the isolation stages are reduced considerably in comparison with the 

LJi 

M; known solutions from Figs. 2 and 3. 

[0010] The greatest disadvantage of this transmission mixing concept is the large degree of 
technical expenditure which it requires because a transmission mixer stage, an oscillator 
including a PLL circuit for frequency stabilization and a band filter are additionally required. The 
additionally required electronic components alone result in a considerable cost disadvantage in 
comparison with the two preceding solutions. 

[0011] A further disadvantage of this more costly transmission mixing concept is that the overall 
size of such a circuit is too large owing to the number of additional electronic components. 

[0012] In this transmission mixing concept, it proves particularly difficult to achieve a high 
degree of integration because given the current state of the art the filters and oscillators or 
oscillator coils are very difficult to accommodate in integrated circuits, or require a very large 
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chip area. In addition, it is frequently impossible to integrate to a sufficient degree the 
capacitors and resistors which are required for the PLL so that they have to be arranged as 
external components. 

[0013] Because a total of two oscillators for frequency stabilization, two PLLs, including two 
external loop filters, are necessary in the known transmission mixing concept, and in particular 
oscillators with a low frequency require a particularly large chip area or have poor properties 
with respect to phase noise, this transmission mixing concept proves relatively unsuitable for a 
high integration density. 

SUMMARY OF THE INVENTION 

[0014] The object of the invention is therefore to disclose an electronic circuit for generating a 
transmission frequency which on the one hand offers the favorable technical requirements of 
the transmission mixing concept and on the other hand permits a high integration density of the 
circuit to be achieved, and thus makes cost-effective manufacture possible. 

[0015] Accordingly, an electronic circuit is proposed for generating a transmit frequency f s for a 
transceiver, which circuit contains the following components: a controllable oscillator for 
generating an oscillator frequency f 0 s Z> a divider by a factor N and a mixer stage with a 
subsequent band filter, the components being connected to one another in such a way that the 
oscillator frequency f osz and an oscillator frequency f 0SZ /N divided by the factor N are fed to the 
mixer as input signals and output by it as transmit frequency f s . 

[0016] A significant advantage of this circuit is that a lower phase noise is produced with the 
circuit according to the invention than would be achievable with the two oscillators of the known 
transmission mixing concept because only a single oscillator can contribute to the phase noise. 

[0017] A simplification of the structure of the circuit is achieved by virtue of the fact that, instead 
of the mixer stage with subsequent band filter, a single-sideband mixer or Image Reject Mixer is 
used. Single-sideband mixers are available as ready-made components and can be integrated 
into the circuit structure in a compact fashion. 

[0018] A further advantageous refinement of the electronic circuit according to the invention can 
consist in using a PLL circuit for stabilization, to which PLL circuit a reference frequency, and 
either the oscillator frequency or the output frequency of the band filter or if appropriate of the 
single-sideband mixer, are fed as input signals. 
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[0019] Furthermore, it may be advantageous if the factor N of the divider supplies a multiple of 
the number 2 and/or is greater than 1 and supplies two output signals which are phase-shifted 
with respect to one another by 90°. 

[0020] The desired phase shift by 90° can be achieved by phase shifting part of the signal by 
90° and maintaining the original phase for the remaining part of the signal, or by phase shifting 
both parts of the signal by +45° and -45°, respectively. In both cases, a phase difference of 90° 
remains. 

[0021] A further advantageous refinement of the electronic circuit according to the invention can 
consist in the fact that a control device is additionally provided which, at the time of the 
switching on of a transmit output stage connected to the output of the single-sideband mixer, 
superimposes on an oscillator control signal a data signal for generating a frequency 
modulation. Such a control device is used, for example, in what is referred to as TDMA 
systems. 

[0022] In respect of optimal integration and simple implementation of the circuit it is also 
advantageous to implement the control device using an ASIC component. 

[0023] Another advantageous refinement of the circuit provides for the control device to activate 
two switches alternately, which enables a connection of the oscillator control input either to a 
data modulator or, for the purpose of channel setting, to the PLL 

[0024] Furthermore, an alternative refinement to the electronic circuit according to the invention 
can consist in the fact that a superimposition receiver is provided which obtains a 
superimposition frequency directly from the oscillator frequency f osz , and that a changeover 
device is provided which in the case of transmission feeds the single-sideband mixer output 
frequency and in the case of reception feeds the oscillator frequency to the PLL. 

[0025] The oscillator can advantageously operate in a voltage-controlled or current-controlled 
fashion, for example, and if appropriate a reference frequency can also be fed externally. 

[0026] Of course, the abovementioned features of the invention which are to be explained can 
be used not only in the respective specified combination but also in other combinations or alone 
without departing from the scope of the invention. 

[0027] Further features and advantages of the invention emerge from the following description 
of preferred exemplary embodiments with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0028] The invention will be explained below in more detail with reference to the drawings, in 
which, in particular: 

Figures 1-4 are circuit diagrams from the prior art; 

Figure 5 is a circuit diagram for a circuit with a mixer and subsequent band filter; 
Figure 6 is a circuit diagram for a circuit with single-sideband mixer; 
Figures 7-10 are circuit diagrams with different modulator arrangements; 
Figure 1 1 is a circuit diagram for a circuit with superhet receiver and use of the oscillator 
at the receiver end; 

Figure 12 is a circuit diagram for a circuit with single-sideband mixer and superhet 
receiver with a transmit/receive band filter; 

Figure 13 is a circuit diagram for a circuit with single-sideband mixer and TDMA control 

device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0030] Figure 1 shows a known circuit for a TDMA radio system with an oscillator 2 and a PLL 
circuit 1 for generating a frequency which is as stable as possible, a TDMA controller 3 of a 
transmitting amplifier 4 and an antenna 5. 

[0031] In this circuit, at the moment of the switching on of the transmitting amplifier 4, the 
generation of frequencies is disrupted owing to a load change and/or effects - indicated by the 
arrows 6 and 7 - and an undesired frequency jump is produced. The load change occurs 
during the switching on of the transmitting amplifier 4 as a result of the change in its input 
impedance. 

[0032] Effects on the frequency generating components are produced as a result of the 
irradiation by the antenna 5, or by other coupling paths (not illustrated here) between the 
transmit output stage and the frequency generating components. An example of this are the 
supply voltage feeder lines. 

[0033] Figure 2 shows a known circuit for avoiding the frequency jump. The circuit contains, in 
addition to the components illustrated in Fig. 1 , the damping elements 8, 9 and one or more 
further amplifier stages for reducing the load change which is visible to the frequency generating 
components. Additional shielding (Faraday Cage) 12 of the frequency generating components 



for reducing irradiation is also illustrated. Furthermore, there is usually high frequency blocking 
(not illustrated here) of the lines leading into the shielding. 

[0034] Figure 3 shows a further known variant of a frequency generating circuit with a 
frequency multiplication stage or divider stage 13. In this example, the oscillator 2 oscillates at 
a harmonic or subharmonic of the desired transmit frequency, as a result of which both a lower 
load dependence and a lower sensitivity to electromagnetic irradiation arises in accordance with 
the degree of multiplication or division. 

[0035] The best known circuit with the most effective suppression of feedback and frequency 
jumps during the switching on of the transmitting amplifier is illustrated in Fig. 4. This Fig. 4 
shows a circuit for generating a transmit frequency using a transmission mixing concept. Here, 
the frequency of the first oscillator 2 and to the first PLL circuit 1 , and the second frequency of 
the second oscillator 2 and to the second PLL circuit 15 is mixed in the mixer stage 16, and the 
desired frequency is filtered out of the mixing products by the band filter 17. 

[0036] If the frequencies of the oscillators 2 and 14 are selected such that they have a 
nonharmonic relationship with the desired frequency, there is a resulting high degree of 
immunity to load changes, that is to say during the switching on of the transmitting amplifier, and 
to its effects. As a result, the requirements made of the shielding, blocking and isolating stages 
are reduced considerably in comparison with the circuits illustrated in Figs. 2 and 3. The 
expenditure on circuitry is disadvantageous because a mixer stage 16, an oscillator 14 and a 
PLL circuit 15 for frequency stabilization and a band filter 17 are additionally required. 

[0037] Figure 5 shows a simple circuit according to the invention for a radio system in which a 
high degree of cost savings can be achieved by a good degree of integration. The transmission 
mixing concept was selected as a starting point, but the second oscillator was dispensed with. 

[0038] The second arrangement is composed, at the input end, of a single oscillator 2 which is 
stabilized by a PLL circuit 1. A summing stage 18, by which an FM modulation signal 26 can be 
supplied, is arranged between the oscillator 2 and the PLL circuit 1. The frequency f 0S z of the 
oscillator 2 is fed to a frequency divider 19, and the frequency f 0SZ /N is generated. Both 
frequencies f osz and WN are then fed to a mixer 32 in order to form the transmit frequency f s . 
In the subsequent band filter 22, the undesired secondary frequencies which have also been 
produced are filtered out and the filtered frequency is conducted to the amplifier output stage 4. 
Either the oscillator frequency f osz can be fed back to the PLL circuit 1 via the line 34, or the 
transmit frequency f s can be fed back to the PLL circuit 1 from the output of the band filter 33. 
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[0039] The desired transmit frequency f s is thus obtained by: 

/.-/-*(£)-/- 'H) 

where fs = transmit frequency, f osz = oscillator frequency, N = divider factor 

[0040] As is apparent from the mathematical relationship, a nonintegral relationship results 
between the transmit frequency f s and the oscillator frequency f osz , which promises a good 
degree of immunity to effects. The selection of the signs in the formula is determined by the 
connection of the single-sideband mixer. There is the freedom to allow the oscillator to oscillate 
either below or above the desired frequency. Basically, the oscillator frequency f osz can also be 
selected in such a way that the oscillator frequency f osz fulfils the criterion of the best phase 
noise (best quality of the coil) given the equipment. 

jjj [0041] In addition to the circuit according to the invention for generating the transmit frequency, 
H a TDMA controller 31 , known per se, for which the circuit for generating frequencies according 
to the invention is particularly suitable is also illustrated in Fig. 5. 

M [0042] Figure 6 shows a further development of the circuit according to the invention from Fig. 

rf= 5. 

L [0043] In this further development, a single-sideband mixer or Image Reject Mixer 20 was used 

HI instead of the mixer 32 and the subsequent band filter 33. If the operating conditions require it, 

£ another filter element (not illustrated) for suppressing the harmonics of the divided signal can 

O also be used downstream of the divider 1 9. 

[0044] The single-sideband mixer 20 typically has a first phase shifter 21 for phase shifting and 
dividing the incoming oscillator frequency f osz and a second phase shifter 22 for phase shifting 
the incoming divided oscillator frequency f 0SZ /N by 90° in each case. These frequencies which 
are each phase-shifted by 90° are mixed in the mixers 23 and 24, superimposed in the summing 
stage 25 and output as a desired transmit frequency f s . 

[0045] It is to be noted that the purpose of the phase shifting of 0° and 90° illustrated here can 
also be achieved by a phase shift by -45° and +45°. 

[0046] The desired transmit frequency f s is also obtained here and in all the further examples in 
accordance with the same formula to be described with respect to Fig. 5. 
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[0047] Since the frequency divider and single-sideband mixer can be integrated without 
difficulty with the contemporary technologies, this circuit leads to a considerable saving in chip 
area. Furthermore, there is a saving of a PLL with the external components of the loop filter 
connected thereto. 

[0048] Another circuit according to the invention for generating a transmit frequency is 
illustrated in Fig. 7. The oscillator frequency f osz is fed on the one hand to a divider 19 and on 
the other hand to a phase shifter 36. By using a factor N which can be divided by two, the 
phase shift of 90° required for the principle of single-sideband mixing can advantageously be 
generated easily and precisely, as a result of which there is better suppression of the undesired 
sideband from the mixing process. 

[0049] The output signals which are shifted by 90° are obtained in a generally known way in 
that the last divider stage of a divider chain is a double design, one of the two divider stages 
being fed the input signal in inverted form. 

[0050] Figure 8 shows a variant of the simple embodiment of the circuit according to the 
invention from Fig. 5 with a mixer 33 and downstream band filter 33. The difference with 
respect to Fig. 5 is that here a modulation signal 41 is emitted to a modulator 40 which is 
arranged between the divider 19 and mixer 32. This modulator 40 can be embodied, for 
example, as a vector modulator. The mixer 32 which is illustrated in simplified form contains in 
practice two individual mixers, each being responsible for one signal. 

[0051] Such an embodiment has the advantage that any desired, even multivalued types of 
modulation can be generated with good frequency and/or phase stability. 

[0052] The modulation signal 4 which is supplied can, for example, be the IQ baseband, 
generated by a digital signal processor, of a GMSK, N-PSK or quadrature amplitude modulation. 

[0053] Another modification of the circuit according to the invention is illustrated in Fig. 9. This 
corresponds essentially to Fig. 5, but here, in order to generate and modulate the transmit 
frequency, two frequencies f OS z(0°) and f OS z(90°) which are phase-shifted by 90° and divided by N 
are fed to a mixer stage 39, which simultaneously operates as a modulator in that it mixes the 
data signals into baseband conditioning signals I and Q. The output signals are then conducted 
to the summing stage 25 and fed to the mixer 32. Here, the advantage arises from the precisely 
generated 0790° phase shift from the divider N which is required by the IQ modulator. 

[0054] In the mixer 32, the transmit frequency f s including secondary frequencies is in turn 
generated by mixing with the oscillator frequency f osz , the secondary frequencies are largely 
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filtered out during passage through the subsequent band filter 33 and the remaining transmit 
frequency f s is conducted to the transmitting amplifier 4 and irradiated via the antenna 5. As in 
Fig. 5, the optional TDMA controller 31 is also illustrated. 

[0055] A further possible way of transferring a modulation onto the transmit signal is illustrated 
in Fig. 10. The circuit also corresponds here to the simple design from Fig. 5, but a modulation 
is not superimposed on the oscillator frequency, but rather, instead of the band filter 33, a 
modulator 40, to which a modulation signal 41 is fed by a baseband, is arranged downstream of 
the mixer 32. This is therefore a "combination" of the design with an IQ modulator with which 
any desired types of modulation can be implemented, as illustrated in Figs. 8 and 9. 

[0056] Figures 5 to 10 thus show a very wide variety of possibilities of modulating a transmit 
frequency f s generated according to the invention by different types of modulation such as 
GMSK ( Gaussian minimum shift keying), nPSK ( n-multiple phase shift keying) or QAM ( 
quadrature amplitude modulation). 

[0057] Figure 11 shows a further circuit which illustrates a combination of frequency generation 
with a superhet receiver and provides further advantages. The basic design of the circuit 
corresponds to the circuit from Fig. 6, but there is additionally a superimposition receiver 36 
with integrated receive mixer 37 and the additional changeover switch 38, which permits the 
same PLL step size in the transmitting and receiving modes. 

[0058] In the receiving mode, the oscillator 2 generates the superimposition signal, while in the 
case of transmission the same oscillator 2 is used to generate the transmit frequency. The 
intermediate frequency in the case of reception is selected in such a way that it lies in the 
vicinity of the oscillator offset frequency in the case of transmission. The tuning range of the 
receiver is somewhat smaller in accordance with the offset between the transmit frequency and 
oscillator frequency, which however has hardly any effect in practice with relatively large divider 
factors. The coupling with the PLL is carried out by the changeover switch 38, downstream of 
the single-sideband mixer 20 in the case of transmission and directly by the oscillator 2 in the 
case of reception, in order to permit a uniform tuning step size of the PLL with the same 
reference frequency. It is advantageous here that only a single oscillator 2 is necessary for the 
transmitting mode and the receiving mode and at the same time good stability of the transmit 
frequency is achieved in the TDMA mode. 

[0059] This circuit design shown is particularly suitable for DECT systems. 
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[0060] A disadvantage of the circuit according to the invention in comparison with an oscillator 
which operates at the limit frequency, namely the additional undesired mixing products of a real 
single-sideband mixer, can be reduced by adding a high-frequency filter, necessary in any case 
in the receiver, upstream of the transmit/receive changeover switch. In this case, the filter is 
used both for the transmit branch and for the receive branch. 

[0061] Such a solution is illustrated by way of example in Fig. 12, which, apart from the 
transmitting amplifier 4, corresponds to the circuit from Fig. 6. The transmit/receive changeover 
switch 28, which changes over between the transmit amplifier 4 and the receiver 30 (indicated 
by broken lines) is arranged subsequently. The aforementioned high-frequency filter 29 is 
connected between the antenna 5 and the transmit/receive changeover switch 28. 

[0062] Finally, Fig. 13 also shows a circuit according to the invention with a single-sideband 
mixer 20 as described with respect to Fig. 6. In this case, the TDMA controller 31 however 
ensures that a data signal for generating a frequency modulation is superimposed on the 
oscillator control signal at the time of the switching on of the transmit output stage. 

[0063] This is an arrangement such as is used, for example, in a DECT system with "open-loop 
modulation method". When the switch 32 is closed, the oscillator 2 is set to the desired channel 
by the PLL circuit 1 during a time slot which is not required for the transmitting/receiving mode. 
Just before the start of transmission, the switch 32 opens and the control variable which is 
acquired up to that point is stored in a storage element, not illustrated separately in Fig. 13. A 
baseband signal for generating the DECT-GFSK (Gaussian frequency shift keying) modulation 
is superimposed by the switch 32 during the emission of the stored control variable. The 
necessary frequency stability is made possible during the emission by the arrangement 
according to the invention of the divider and mixer or single-sideband mixer. That is to say, 
high-frequency effects from the transmitter stage on the oscillator 2 do not bring about any 
frequency offset after the switching on of the transmitter. 

[0064] In total, the circuit according to the invention therefore ensures that, on the one hand, 
the favorable technical requirements of the transmission mixing concept can be utilized and, on 
the other hand, a high integration density of the circuit, and thus cost-effective manufacture are 
made possible. 

[0065] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention. 
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ABSTRACT 

ELECTRONIC CIRCUIT FOR GENERATING A TRANSMIT FREQUENCY 

A transmit frequency is generated for a transceiver by a controllable oscillator which 
generates an oscillator frequency, a divider by a factor N, and a mixer stage with a subsequent 
band filter. Signals with the oscillator frequency and the oscillator frequency divided by the 
factor N are fed to the mixer stage to generate an output signal at the transmit frequency. 
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[Description] TITLE OF THE INVENTION 
ELECTRONIC CIRCUIT [ARRANGEMENT] FOR GENERATING A TRANSMIT FREQUENCY 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to German Patent Application No. 
19928998 filed on June 24, 1999, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates to an electronic circuit [arrangement] for generating a transmit 
frequency for a transceiver. 

2. Description of the Related Art 

[0003] The inventors are familiar with similar [circuit arrangements] circuits from the prior art for 
generating corresponding transmit frequencies in a TDMA radio system (for example DECT, 
GSM, PHS). The abbreviation TDMA stands for "Time Division Multiple Access". [Such an 
arrangement] A typical circuit is composed of an oscillator for generating frequencies, a transmit 
amplifier, a receiver and a control device which determines the chronological sequence of 
alternating transmit and receive states. In general, the oscillator frequency for setting the 
transmission channel via the control device using a PLL (phase locked loop) is set before the 
switching on of the transmitter since, for technical reasons, a certain setting time is required for 
this process. The invention relates to the case of transmission in such a TDMA system [whose 
arrangement is] as illustrated schematically in [figure] Fj& 1- 

[0004] The problem of such a simple circuit [arrangement] is that the generation of frequencies 
is disrupted at the moment of the switching on of the transmit amplifier owing to the load change 
in the amplifier or due to feedback. As a result, an undesired frequency jump is generated. 
Such a load change occurs, for example, during the switching on of the transmit amplifier as a 
result of the change in its input impedance. An effect on the generation of frequencies can 
arise, for example, owing to irradiation by the antenna, or due to other coupling parts between 
the transmit output stage and the generation of frequencies, for example due to the supply 
voltage. 

[0005] In particular in TDMA systems which, for costs reasons, operate with a slow PLL control 
loop, or open the control loop for the duration of the modulation, this effect is a large problem for 
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the implementation because the frequency jump can no longer be corrected by the PLL circuit. 
An example of this is the open-loop modulation of a DECT system. 

[0006] The abovementioned problem is tackled by [means of] various [circuit arrangement] 
circuits known to the inventors. For example, there is a possibility of bringing about a reduction 
in the load change which is visible for the generation of frequencies by inserting damping 
elements and isolating stages between the frequency generating [means] components and the 
transmit amplifier. In addition, additional shielding of the frequency generating [means] 
components in the form of a Faraday cage can ensure that the irradiation is reduced. 
Furthermore, additional blocking against electromagnetic irradiation, for example by [means of] 
specially shaped plugs, can be provided on the lines which lead into the shield. An example of 
such a known circuit device is shown in [figure] R&. 2. 

[0007] It is also known that the insertion of frequency multiplication stages or divider stages in 
M the frequency generating [means] components prevents the feedback and thus the influence on 
U the frequency generating [means] components . Here, an oscillator oscillates at a harmonic or 
Mi subharmonic of the desired frequency, as a result of which both a low load dependence and a 
* lower sensitivity to the irradiation of undesired frequencies is produced in accordance with the 
J3 degree of multiplication or division. This circuit is illustrated schematically in [figure] R&. 3. 

■ [0008] Finally, the relatively costly use of a transmission mixing concept, such as is illustrated 

schematically in [figure] Fig, 4, for solving the abovementioned problem is known to the 
H! inventors. 

P [0009] In this transmission mixing concept, the frequencies of two oscillators are mixed in a 
mixer stage and the desired frequency filtered out from the mixing products. Because the 
oscillators have a nonharmonic relationship with the desired frequency, there is a resulting high 
degree of immunity to the load changes and effects. As a result, the requirements made of the 
shielding, the blocking and the isolation stages are reduced considerably in comparison with the 
known solutions from [figures] Figs. 2 and 3. 

[0010] The greatest disadvantage of this transmission mixing concept is the large degree of 
technical expenditure which it requires because a transmission mixer stage, an oscillator 
including a PLL circuit for frequency stabilization and a band filter are additionally required. The 
additionally required electronic components alone result in a considerable cost disadvantage in 
comparison with the two preceding solutions. 
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[0011] A further disadvantage of this more costly transmission mixing concept is that the overall 
size of such a circuit [arrangement] is too large owing to the number of additional electronic 
components. 

[0012] In this transmission mixing concept, it proves particularly [problematic] difficult to achieve 
a high degree of integration because given the current state of the art the filters and oscillators 
or oscillator coils are very difficult to accommodate in integrated circuits, or require a very large 
chip area. In addition, it is frequently impossible to integrate to a sufficient degree the 
capacitors and resistors which are required for the PLL so that they have to be arranged as 
external components. 

[0013] Because a total of two oscillators for frequency stabilization, two PLLs, including two 
external loop filters, are necessary in the known transmission mixing concept, and in particular 
oscillators with a low frequency require a particularly large chip area or have poor properties 
with respect to phase noise, this transmission mixing concept proves relatively unsuitable for a 
high integration density. 

SUMMARY OF THE INVENTION 

[0014] The object of the invention is therefore to disclose an electronic circuit [arrangement] for 
generating a transmission frequency which [electronic circuit arrangement] on the one hand 
offers the favorable technical requirements of the transmission mixing concept and on the other 
hand permits a high integration density of the circuit to be achieved, and thus makes cost- 
effective manufacture possible. [The object is achieved by means of the features of claim 1 .] 

[0015] Accordingly, an electronic circuit [arrangement] is proposed for generating a transmit 
frequency f s for a transceiver, which circuit contains the following components: a controllable 
oscillator for generating an oscillator frequency f osz , a divider by a factor N and a mixer stage 
with a subsequent band filter, the components being connected to one another in such a way 
that the oscillator frequency f 0S z and an oscillator frequency f 0SZ /N divided by the factor N are fed 
to the mixer as input signals and output by it as transmit frequency f s . 

[0016] A significant advantage of this [arrangement] circuit is that a lower phase noise is 
produced with the circuit [arrangement] according to the invention than would be achievable 
with the two oscillators of the known transmission mixing concept because only a single 
oscillator can contribute to the phase noise. 

[0017] A simplification of the structure of the circuit is achieved by virtue of the fact that, instead 
of the mixer stage with subsequent band filter, a single-sideband mixer [(=] or Image Reject 
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Mixer[)] is used. Single-sideband mixers are available as ready-made components and can be 
integrated into the circuit structure in a compact fashion. 

[0018] A further advantageous refinement of the electronic circuit [arrangement] according to 
the invention can consist in using a PLL circuit for stabilization, to which PLL circuit a reference 
frequency, and either the oscillator frequency or the output frequency of the band filter or if 
appropriate of the single-sideband mixer, are fed as input signals. 

[0019] Furthermore, it may be advantageous if the factor N of the divider supplies a multiple of 
the number [of the] 2 and/or is greater than 1 and supplies two output signals which are phase- 
shifted with respect to one another by 90°. 

[0020] The desired phase shift by 90° can be achieved by [the] phase shifting [of] part of the 
signal by 90° and [maintenance of] maintaining the original phase for the remaining part of the 
signal, or by phase shifting both parts of the signal by +45° and -45°, respectively. In both 
J? cases, a phase difference of 90° remains. 

0 [0021] A further advantageous refinement of the electronic circuit [arrangement] according to 
m the invention can consist in the fact that a control device is additionally provided which, at the 
^ time of the switching on of a transmit output stage connected to the output of the single- 
S sideband mixer, superimposes on an oscillator control signal a data signal for generating a 
frequency modulation. Such a control device is used, for example, in what is referred to as 
fy TDMA systems. 

u [0022] In respect of optimal integration and simple implementation of the circuit it is also 
p advantageous to implement the control device using an ASIC component. 

[0023] Another advantageous refinement of the circuit [arrangement] provides for the control 
device to activate two switches alternately, which enables a connection of the oscillator control 
input either to a data modulator or, for the [purposes] purpose of channel setting, to the PLL. 

[0024] Furthermore, an alternative refinement to the electronic circuit [arrangement] according 
to the invention can consist in the fact that a superimposition receiver is provided which obtains 
a superimposition frequency directly from the oscillator frequency f 0S z, and that a changeover 
device is provided which in the case of transmission feeds the single-sideband mixer output 
frequency and in the case of reception feeds the oscillator frequency to the PLL. 

[0025] The oscillator can advantageously operate in a voltage-controlled or current-controlled 
fashion, for example, and if appropriate a reference frequency can also be fed externally. 
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[0026] Of course, the abovementioned features of the invention which are to be explained can 
be used not only in the respective specified combination but also in other combinations or alone 
without departing from the scope of the invention. 

[0027] Further features and advantages of the invention emerge from the following description 
of preferred exemplary embodiments with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The invention will be explained below in more detail with reference to the drawings, in 
which, in particular: 

[Figs.] Figures 1-4[: show circuit arrangements] are circuit diagrams from the prior art; 

[Fig.] Figure 5[: shows] is a circuit diagram for a circuit [arrangement] with a mixer and 
subsequent band filter; 

[Fig.] Figure 6[: shows] is a circuit diagram for a circuit [arrangement] with single- 
sideband mixer; 

[Figs.] Figures 7-1 0[: show circuit arrangements] are circuit diagrams with different 
modulator arrangements; 

Figure 1 1[: shows] is a circuit diagram for a circuit [arrangement] with superhet receiver 
and use of the oscillator at the receiver end; 

Figure 12[: shows] is a circuit diagram for a circuit [arrangement] with single-sideband 
mixer and superhet receiver with a transmit/receive band filter; 

Figure 13[: shows] is a circuit diagram for a circuit [arrangement] with single-sideband 
mixer and TDMA control device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] Reference will now be made in detail to the preferred embodim ents of the present 
invention, examples of which are illustrated in the accompanying draw ings, wherein like 
reference numerals refer to like elements throughout. 

[0030] Figure 1 shows a known circuit [arrangement] for a TDMA radio system with an 
oscillator 2 and a PLL circuit 1 for generating a frequency which is as stable as possible, a 
TDMA controller 3 of a transmitting amplifier 4 and an antenna 5. 

[0031] In this circuit [arrangement], at the moment of the switching on of the transmitting 
amplifier 4, the generation of frequencies is disrupted owing to a load change and/or effects - 
indicated by the arrows 6 and 7 - and an undesired frequency jump is produced. The load 



change occurs during the switching on of the transmitting amplifier 4 as a result of the change in 
its input impedance. 

[0032] Effects on the frequency generating [means] components are produced as a result of the 
irradiation by the antenna 5, or by other coupling paths (not illustrated here) between the 
transmit output stage and the frequency generating [means] components . An example of this 
are the supply voltage feeder lines. 

[0033] Figure 2 shows a known circuit for avoiding the frequency jump. The circuit contains, in 
addition to the components illustrated in [figure] Fig. 1, the damping elements 8, 9 and one or 
more further amplifier stages for reducing the load change which is visible to the frequency 
generating [means] components . Additional shielding (Faraday Cage) 12 of the frequency 
generating [means] components for reducing irradiation is also illustrated. Furthermore, there is 
usually high frequency blocking [means] (not illustrated here) of the lines leading into the 
shielding. 

[0034] Figure 3 shows a further known variant of a frequency generating circuit with a 
frequency multiplication stage or divider stage 13. In this example, the oscillator 2 oscillates at 
a harmonic or subharmonic of the desired transmit frequency, as a result of which both a lower 
load dependence and a lower sensitivity to electromagnetic irradiation arises in accordance with 
the degree of multiplication or division. 

[0035] The best known circuit with the most effective suppression of feedback and frequency 
jumps during the switching on of the transmitting amplifier is illustrated in [figure] Fig, 4. This 
[figure] Fig, 4 shows a circuit [arrangement] for generating a transmit frequency using a 
transmission mixing concept. Here, the frequency of the first oscillator 2 and to the first PLL 
circuit 1, and the second frequency of the second oscillator 2 and to the second PLL circuit 15 is 
mixed in the mixer stage 1 6, and the desired frequency is filtered out of the mixing products by 
[means of] the band filter 17. 

[0036] If the frequencies of the oscillators 2 and 14 are selected such that they have a 
nonharmonic relationship with the desired frequency, there is a resulting high degree of 
immunity to load changes, that is to say during the switching on of the transmitting amplifier, and 
to its effects. As a result, the requirements made of the shielding, blocking and isolating stages 
are reduced considerably in comparison with the [circuit arrangements from figures] circuits 
illustrated in Figs. 2 and 3. The expenditure on circuitry is disadvantageous because a mixer 
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stage 16, an oscillator 14 and a PLL circuit 15 for frequency stabilization and a band filter 17 are 
additionally required. 

[0037] Figure 5 shows a simple circuit [arrangement] according to the invention for a radio 
system in which a high degree of cost savings can be achieved by a good degree of integration. 
The transmission mixing concept was selected as a starting point, but the second oscillator was 
dispensed with. 

[0038] The second arrangement is composed, at the input end, of a single oscillator 2 which is 
stabilized by [means of] a PLL circuit 1. A summing stage 18, by [means of] which an FM 
modulation signal 26 can be supplied, is arranged between the oscillator 2 and the PLL circuit 1. 
The frequency f osz of the oscillator 2 is fed to a frequency divider 1 9, and the frequency fJN is 
generated. Both frequencies f osz and f 0SZ /N are then fed to a mixer 32 in order to form the 
transmit frequency f s . In the subsequent band filter 22, the undesired secondary frequencies 
which have also been produced are filtered out and the filtered frequency is conducted to the 
amplifier output stage 4. Either the oscillator frequency f osz can be fed back to the PLL circuit 1 
via the line 34, or the transmit frequency f s can be fed back to the PLL circuit 1 from the output 
of the band filter 33. 

[0039] The desired transmit frequency f s is thus obtained by: 



where fs = transmit frequency, f osz = oscillator frequency, N = divider factor 

[0040] As is apparent from the mathematical relationship, a nonintegral relationship results 
between the transmit frequency f s and the oscillator frequency f osz , which promises a good 
degree of immunity to effects. The selection of the signs in the formula is determined by the 
connection of the single-sideband mixer. There is the freedom to allow the oscillator to oscillate 
either below or above the desired frequency. Basically, the oscillator frequency f osz can also be 
selected in such a way that the oscillator frequency f osz fulfils the criterion of the best phase 
noise (best quality of the coil) given the equipment. 

[0041] In addition to the circuit [arrangement] according to the invention for generating the 
transmit frequency, a TDMA controller 31 , known per se, for which the circuit [arrangement] for 
generating frequencies according to the invention is particularly suitable is also illustrated in 
[figure] Fjg^ 5. 




[0042] Figure 6 shows a further development of the circuit [arrangement] according to the 
invention from [figure] Fjg^ 5. 

[0043] In this further development, a single-sideband mixer [(=] or Image Reject Mixer[)] 20 was 
used instead of the mixer 32 and the subsequent band filter 33. If the operating conditions 
require it, another filter element (not illustrated) for suppressing the harmonics of the divided 
signal can also be used downstream of the divider 19. 

[0044] The single-sideband mixer 20 typically has a first phase shifter 21 for phase shifting and 
dividing the incoming oscillator frequency f osz and a second phase shifter 22 for phase shifting 
the incoming divided oscillator frequency f 0SZ /N by 90° in each case. These frequencies which 
are each phase-shifted by 90° are mixed in the mixers 23 and 24, superimposed in the summing 
stage 25 and output as a desired transmit frequency f s . 

[0045] It is to be noted that the purpose of the phase shifting of 0° and 90° illustrated here can 
also be achieved by a phase shift by -45° and +45°. 

[0046] The desired transmit frequency f s is also obtained here and in all the further examples in 
accordance with the same formula to be described with respect to [figure] H&, 5. 

[0047] Since the frequency divider and single-sideband mixer can be integrated without 
difficulty with the contemporary technologies, this circuit [arrangement] leads to a considerable 
saving in chip area. Furthermore, there is a saving of a PLL with the external components of 
the loop filter connected thereto. 

[0048] Another circuit [arrangement] according to the invention for generating a transmit 
frequency is illustrated in [figure] Fjg, 7. The oscillator frequency f osz is fed on the one hand to a 
divider 19 and on the other hand to a phase shifter 36. By using a factor N which can be 
divided by two, the phase shift of 90° required for the principle of single-sideband mixing can 
advantageously be generated easily and precisely, as a result of which there is better 
suppression of the undesired sideband from the mixing process. 

[0049] The output signals which are shifted by 90° are obtained in a generally known way in 
that the last divider stage of a divider chain is a double design, one of the two divider stages 
being fed the input signal in inverted form. 

[0050] Figure 8 shows a variant of the simple embodiment of the circuit [arrangement] 
according to the invention from [figure] FJ& 5 with a mixer 33 and downstream band filter 33. 
The difference with respect to [figure] Fjg^ 5 is that here a modulation signal 41 is emitted to a 
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modulator 40 which is arranged between the divider 19 and mixer 32. This modulator 40 can be 
embodied, for example, as a vector modulator. The mixer 32 which is illustrated in simplified 
form contains in practice two individual mixers, each being responsible for one signal. 

[0051] Such an embodiment has the advantage that any desired, even multivalued types of 
modulation can be generated with good frequency and/or phase stability. 

[0052] The modulation signal 4 which is supplied can, for example, be the IQ baseband, 
generated by a digital signal processor, of a GMSK, N-PSK or quadrature amplitude modulation. 

[0053] Another modification of the circuit [arrangement] according to the invention is illustrated 
in [figure] R&. 9. This corresponds essentially to [figure] Fjg^ 5, but here, in order to generate 
and modulate the transmit frequency, two frequencies f OS z(0 o ) and f OS z(90°) which are phase- 
shifted by 90° and divided by N are fed to a mixer stage 39, which simultaneously operates as a 
modulator in that it mixes the data signals into [a] baseband conditioning [means] signals I and 
Q. The output signals are then conducted to the summing stage 25 and fed to the mixer 32. 
Here, the advantage arises from the precisely generated 0790° phase shift from the divider N 
which is required by the IQ modulator. 

[0054] In the mixer 32, the transmit frequency f s including secondary frequencies is in turn 
generated by mixing with the oscillator frequency f osz , the secondary frequencies are largely 
filtered out during passage through the subsequent band filter 33 and the remaining transmit 
frequency f s is conducted to the transmitting amplifier 4 and irradiated via the antenna 5. As in 
[figure] 5, the optional TDMA controller 31 is also illustrated. 

[0055] A further possible way of transferring a modulation onto the transmit signal is illustrated 
in [figure] Fjg. 10. The circuit [arrangement] also corresponds here to the simple design from 
[figure] Fig, 5, but a modulation is not superimposed on the oscillator frequency, but rather, 
instead of the band filter 33, a modulator 40, to which a modulation signal 41 is fed by a 
baseband, is arranged downstream of the mixer 32. This is therefore a "combination" of the 
design with an IQ modulator with which any desired types of modulation can be implemented, 
as illustrated in [figures] Figs. 8 and 9. 

[0056] Figures 5 to 10 thus show a very wide variety of possibilities of modulating a transmit 
frequency f s generated according to the invention by [means of] different types of modulation 
such as GMSK ([=] Gaussian minimum shift keying), nPSK ([=] n-multiple phase shift keying) or 
QAM ([=] quadrature amplitude modulation). 
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[0057] Figure 11 shows a further circuit [arrangement] which illustrates a combination of 
frequency generation with a superhet receiver and provides further advantages. The basic 
design of the circuit corresponds to the circuit [arrangement] from [figure] Fig, 6, but there is 
additionally a superimposition receiver 36 with integrated receive mixer 37 and the additional 
changeover switch 38, which permits the same PLL step size in the transmitting and receiving 
modes. 

[0058] In the receiving mode, the oscillator 2 generates the superimposition signal, while in the 
case of transmission the same oscillator 2 is used to generate the transmit frequency. The 
intermediate frequency in the case of reception is selected in such a way that it lies in the 
vicinity of the oscillator offset frequency in the case of transmission. The tuning range of the 
receiver is somewhat smaller in accordance with the offset between the transmit frequency and 
oscillator frequency, which however has hardly any effect in practice with relatively large divider 
,j factors. The coupling with the PLL is carried out by [means of] the changeover switch 38, 
□ downstream of the single-sideband mixer 20 in the case of transmission and directly by the 
P oscillator 2 in the case of reception, in order to permit a uniform tuning step size of the PLL with 
yy the same reference frequency. It is advantageous here that only a single oscillator 2 is 
% I necessary for the transmitting mode and the receiving mode and at the same time good stability 
fft of the transmit frequency is achieved in the TDMA mode, 
h* [0059] This circuit design shown is particularly suitable for DECT systems. 

S W . . 

nj [0060] A disadvantage of the circuit [arrangement] according to the invention in comparison 
with an oscillator which operates at the limit frequency, namely the additional undesired mixing 

P products of a real single-sideband mixer, can be reduced by adding a high-frequency filter, 

necessary in any case in the receiver, upstream of the transmit/receive changeover switch. In 
this case, the filter is used both for the transmit branch and for the receive branch. 

[0061] Such a solution is illustrated byway of example in [figure] Fjg. 12, which, apart from the 
transmitting amplifier 4, corresponds to the circuit [arrangement] from [figure] Fjg, 6. The 
transmit/receive changeover switch 28, which changes over between the transmit amplifier 4 
and the receiver 30 (indicated by broken lines) is arranged subsequently. The aforementioned 
high-frequency filter 29 is connected between the antenna 5 and the transmit/receive 
changeover switch 28. 

[0062] Finally, [figure] Fjg, 13 also shows a circuit [arrangement] according to the invention with 
a single-sideband mixer 20 as [is] described [in figure] with respect to Fig. 6. In this case, the 
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TDMA controller 31 however ensures that a data signal for generating a frequency modulation is 
superimposed on the oscillator control signal at the time of the switching on of the transmit 
output stage. 

[0063] This is an arrangement such as is used, for example, in a DECT system with "open-loop 
modulation method". When the switch 32 is closed, the oscillator 2 is set to the desired channel 
by [means of] the PLL circuit 1 during a time slot which is not required for the 
transmitting/receiving mode. Just before the start of transmission, the switch 32 opens and the 
control variable which is acquired up to that point is stored in a storage element, not illustrated 
separately in [the figure] Fig. 13 . A baseband signal for generating the DECT-GFSK (Gaussian 
frequency shift keying) modulation is superimposed by [means of] the switch 32 during the 
emission of the stored control variable. The necessary frequency stability is made possible 
during the emission by the arrangement according to the invention of the divider and mixer or 
single-sideband mixer. That is to say, high-frequency effects from the transmitter stage on the 
oscillator 2 do not bring about any frequency offset after the switching on of the transmitter. 

[0064] In total, the circuit [arrangement] according to the invention therefore ensures that, on 
the one hand, the favorable technical requirements of the transmission mixing concept can be 
utilized and, on the other hand, a high integration density of the circuit, and thus cost-effective 
manufacture are made possible. 

[0065] The invention has been described in detail with particular ref erence to preferred 
embodiments thereof and examples, but it will be understood th at variations and modifications 
can be effected within the spirit and scope of the invention. 
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ABSTRACT 

ELECTRONIC CIRCUIT FOR GENERATING A TRANSMIT FREQUENCY 

A transmit frequency is generated for a transceiver by a controllable oscillator which 
generates an oscillator frequency, a divider by a factor N, and a mixer stage with a subsequent 
band filter. Signals with the oscillator frequency and the oscillator frequency divided by the 
factor N are fed to the mixer stage to generate an output signal at the transmit frequency. 
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Description 

Electronic circuit arrangement for generating a transmit frequency 

The invention relates to an electronic circuit arrangement for 
generating a transmit frequency for a transceiver. 

The inventors are familiar with similar circuit arrangements from 
the prior art for generating corresponding transmit frequencies in 
a TDMA radio system (for example DECT, GSM, PHS) . The abbreviation 
TDMA stands for n Time Division Multiple Access". Such an 
arrangement is composed of an oscillator for generating 
frequencies, a transmit amplifier, a receiver and a control device 
which determines the chronological sequence of alternating 
transmit and receive states. In general, the oscillator frequency 
for setting the transmission channel via the control device using 
a PLL (phase locked loop) is set before the switching on of the 
transmitter since, for technical reasons, a certain setting time 
is required for this process. The invention relates to the case of 
transmission in such a TDMA system whose arrangement is 
illustrated schematically in figure 1. 

The problem of such a simple circuit arrangement is that the 
generation of frequencies is disrupted at the moment of the 
switching on of the transmit amplifier owing to the load change in 
the amplifier or due to feedback. As a result, an undesired 
frequency jump is generated. Such a load change occurs, for 
example, during the switching on of the transmit amplifier as a 
result of the change in its input impedance. An effect on the 
generation of frequencies can arise, for example, owing to 
irradiation by the antenna, or due to other coupling parts between 
the transmit output stage and the 
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generation of frequencies, for example due to the supply voltage. 

In particular in TDMA systems which, for costs reasons, operate 
with a slow PLL control loop, or open the control loop for the 
5 duration of the modulation, this effect is a large problem for the 
implementation because the frequency jump can no longer be 
corrected by the PLL circuit. An example of this is the open-loop 
modulation of a DECT system. 

The abovementioned problem is tackled by means of various circuit 
arrangement known to the inventors. For example, there is a 
possibility of bringing about a reduction in the load change which 
is visible for the generation of frequencies by inserting damping 
elements and isolating stages between the frequency generating 
means and the transmit amplifier. In addition, additional 
shielding of the frequency generating means in the form of a 
Faraday cage can ensure that the irradiation is reduced. 
Furthermore, additional blocking against electromagnetic 
irradiation, for example by means of specially shaped plugs, can 
be provided on the lines which lead into the shield. An example of 
such a known circuit device is shown in figure 2. 

It is also known that the insertion of frequency multiplication 
stages or divider stages in the frequency generating means 
25 prevents the feedback and thus the influence on the frequency 
generating means. Here, an oscillator oscillates at a harmonic or 
subharmonic of the desired frequency, as a result of which both a 
low load dependence and a lower sensitivity to the irradiation of 
undesired frequencies is produced in accordance with the degree of 
30 multiplication or division. This 



10 



15 



20 



GR 99 P 2120 

- 3 - 

circuit is illustrated schematically in figure 3. 

Finally, the relatively costly use of a transmission mixing 
concept, such as is illustrated schematically in figure 4, for 
5 solving the abovementioned problem is known to the inventors. 

In this transmission mixing concept, the frequencies of two 
oscillators are mixed in a mixer stage and the desired frequency 
filtered out from the mixing products. Because the oscillators 
10 have a nonharmonic relationship with the desired frequency, there 
is a resulting high degree of immunity to the load changes and 
effects. As a result, the requirements made of the shielding, the 
blocking and the isolation stages are reduced considerably in 
comparison with the known solutions from figures 2 and 3. 

15 

The greatest disadvantage of this transmission mixing concept is 
the large degree of technical expenditure which it requires 
because a transmission mixer stage, an oscillator including a PLL 
circuit for frequency stabilization and a band filter are 
s 20 additionally required. The additionally required electronic 

:IT components alone result in a considerable cost disadvantage in 

f|j comparison with the two preceding solutions. 

rf A further disadvantage of this more costly transmission mixing 

25 concept is that the overall size of such a circuit arrangement is 
too large owing to the number of additional electronic components. 

In this transmission mixing concept, it proves particularly 
problematic to achieve a high degree of integration because given 
30 the current state of the art the filters and oscillators or 
oscillator coils are very difficult to accommodate in integrated 
circuits, or 
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require a very large chip area. In addition, it is frequently- 
impossible to integrate to a sufficient degree the capacitors and 
resistors which are required for the PLL so that they have to be 
arranged as external components. 

5 

Because a total of two oscillators for frequency stabilization, 
two PLLs, including two external loop filters, are necessary in 
the known transmission mixing concept, and in particular 
oscillators with a low frequency require a particularly large chip 
10 area or have poor properties with respect to phase noise, this 
transmission mixing concept proves relatively unsuitable for a 
high integration density. 

The object of the invention is therefore to disclose an electronic 
circuit arrangement for generating a transmission frequency which 
electronic circuit arrangement on the one hand offers the 
favorable technical requirements of the transmission mixing 
concept and on the other hand permits a high integration density 
of the circuit to be achieved, and thus makes cost-effective 
manufacture possible. 

The object is achieved by means of the features of claim 1. 

Accordingly, an electronic circuit arrangement is proposed for 
25 generating a transmit frequency f s for a transceiver, which circuit 
contains the following components: a controllable oscillator for 
generating an oscillator frequency f osz , a divider by a factor N 
and a mixer stage with a subsequent band filter, the components 
being connected to one another in such a way that the oscillator 
3 0 frequency f osz and an oscillator frequency f osz /N divided by the 
factor N are fed to the mixer as input signals and output by it as 
transmit frequency f s . 
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A significant advantage of this arrangement is that a lower phase 
noise is produced with the circuit arrangement according to the 
invention than would be achievable with the two oscillators of the 
known transmission mixing concept because only a single oscillator 
5 can contribute to the phase noise. 

A simplification of the structure of the circuit is achieved by- 
virtue of the fact that, instead of the mixer stage with 
subsequent band filter, a single-sideband mixer (- Image Reject 
10 Mixer) is used. Single- sideband mixers are available as ready-made 
components and can be integrated into the circuit structure in a 
compact fashion . 

A further advantageous refinement of the electronic circuit 
arrangement according to the invention can consist in using a PLL 
circuit for stabilization, to which PLL circuit a reference 
frequency, and either the oscillator frequency or the output 
frequency of the band filter or if appropriate of the single - 
sideband mixer, are fed as input signals. 

Furthermore, it may be advantageous if the factor N of the divider 
supplies a multiple of the number of the 2 and/or is greater than 
1 and supplies two output signals which are phase-shifted with 
respect to one another by 90° . 

The desired phase shift by 90° can be achieved by the phase 
shifting of part of the signal by 90° and maintenance of the 
original phase for the remaining part of the signal, or by phase 
shifting both parts of the signal by +45° and -45°, respectively. 
In both cases, a phase difference of 90° remains. 

A further advantageous refinement of the electronic circuit 
arrangement according to the invention can consist in the fact 
that a control device is additionally provided which, at the 
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time of the switching on of a transmit output stage connected to 
the output of the single- sideband mixer, superimposes on an 
oscillator control signal a data signal for generating a frequency 
modulation. Such a control device is used, for example, in what is 
referred to as TDMA systems. 

In respect of optimal integration and simple implementation of the 
circuit it is also advantageous to implement the control device 
using an ASIC component. 

Another advantageous refinement of the circuit arrangement 
provides for the control device to activate two switches 
alternately, which enables a connection of the oscillator control 
input either to a data modulator or for the purposes of channel 
setting to the PLL. 

Furthermore, an alternative refinement to the electronic circuit 
arrangement according to the invention can consist in the fact 
that a superimposition receiver is provided which obtains a 
superimposition frequency directly from the oscillator frequency 
f osz , and that a changeover device is provided which in the case of 
transmission feeds the single-sideband mixer output frequency and 
in the case of reception feeds the oscillator frequency to the 
PLL. 

The oscillator can advantageously operate in a voltage-controlled 
or current -controlled fashion, for example, and if appropriate a 
reference frequency can also be fed externally. 

Of course, the abovementioned features of the invention which are 
to be explained can be used not only in the respective specified 
combination but also in other combinations or alone without 
departing from the scope of the invention. 



GR 99 P 2120 

- 7 - 

Further features and advantages of the invention emerge from the 
following description of preferred exemplary embodiments with 
reference to the drawings. 

5 The invention will be explained below in more detail with 
reference to the drawings, in which, in particular: 



Figs. 1-4: show circuit arrangements from the prior art; 

Fig. 5: shows a circuit arrangement with mixer and 

10 subsequent band filter; 

Fig. 6: shows a circuit arrangement with single -sideband 
mixer ; 

Figs. 7-10: show circuit arrangements with different modulator 
arrangements; 

Li 

:S. 15 Figure 11: shows a circuit arrangement with superhet receiver and 

y : use of the oscillator at the receiver end; 

yy Figure 12: shows a circuit arrangement with single-sideband mixer 

^ and superhet receiver with a transmit/receive 

m band filter; 

s 20 Figure 13: shows a circuit arrangement with single-sideband mixer 

ipsa 

Rf: and TDMA control device. 

S 5 

I s * Figure 1 shows a known circuit arrangement for a TDMA radio system 

r? with an oscillator 2 and a PLL circuit 1 for generating a 

25 frequency which is as stable as possible, a TDMA controller 3 of a 
transmitting amplifier 4 and an antenna 5. 



In this circuit arrangement, at the moment of the switching on of 
the transmitting amplifier 4, the generation of frequencies is 
30 disrupted owing to a load change and/or effects - indicated by the 
arrows 6 and 7 - and an undesired frequency jump is produced. The 
load change occurs during the switching on of the transmitting 
amplifier 4 as a result of the change in its input impedance. 
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Effects on the frequency generating means are produced as a result 
of the irradiation by the antenna 5, or by other coupling paths 
(not illustrated here) between the transmit output stage and the 
frequency generating means. An example of this are the supply 
voltage feeder lines. 

Figure 2 shows a known circuit for avoiding the frequency jump. 
The circuit contains, in addition to the components illustrated in 
figure 1, the damping elements 8, 9 and one or more further 
amplifier stages for reducing the load change which is visible to 
the frequency generating means. Additional shielding (Faraday 
Cage) 12 of the frequency generating means for reducing 
irradiation is also illustrated. Furthermore, there is usually 
high frequency blocking means (not illustrated here) of the lines 
leading into the shielding. 

Figure 3 shows a further known variant of a frequency generating 
circuit with a frequency multiplication stage or divider stage 13. 
In this example, the oscillator 2 oscillates at a harmonic or 
subharmonic of the desired transmit frequency, as a result of 
which both a lower load dependence and a lower sensitivity to 
electromagnetic irradiation arises in accordance with the degree 
of multiplication or division. 

The best known circuit with the most effective suppression of 
feedback and frequency jumps during the switching on of the 
transmitting amplifier is illustrated in figure 4. This figure 4 
shows a circuit arrangement for generating a transmit frequency 
using a transmission mixing concept. Here, the frequency of the 
first oscillator 2 and to the first PLL circuit 1, and the second 
frequency of the second oscillator 2 and to the second PLL 
circuit 15 is mixed in 
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the mixer stage 16, and the desired frequency is filtered out of 
the mixing products by means of the band filter 17. 

If the frequencies of the oscillators 2 and 14 are selected such 
that they have a nonharmonic relationship with the desired 
frequency, there is a resulting high degree of immunity to load 
changes, that is to say during the switching on of the 
transmitting amplifier, and to its effects. As a result, the 
requirements made of the shielding, blocking and isolating stages 
are reduced Considerably in comparison with the circuit 
arrangements from figures 2 and 3 . The expenditure on circuitry is 
disadvantageous because a mixer stage 16, an oscillator 14 and a 
PLL circuit 15 for frequency stabilization and a band filter 17 
are additionally required. 

Figure 5 shows a simple circuit arrangement according to the 
invention for a radio system in which a high degree of cost 
savings can be achieved by a good degree of integration. The 
transmission mixing concept was selected as a starting point, but 
the second oscillator was dispensed with. 

The second arrangement is composed, at the input end, of a single 
oscillator 2 which is stabilized by means of a PLL circuit 1. A 
summing stage 18, by means of which an FM modulation signal 2 6 can 
be supplied, is arranged between the oscillator 2 and the PLL 
circuit 1. The frequency f osz of the oscillator 2 is fed to a 
frequency divider 19, and the frequency f osz /N is generated. Both 
frequencies f OS2 and f 0 sz/N are then fed to a mixer 32 in order to 
form the transmit frequency f s . In the subsequent band filter 22, 
the undesired secondary frequencies which have also been produced 
are filtered out and the filtered frequency is conducted to the 
amplifier output stage 4. Either the oscillator frequency f osz can 
be fed back to the PLL circuit 1 via the line 34, or 
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the transmit frequency f s can be fed back to the PLL circuit 1 from 
the output of the band filter 33. 

The desired transmit frequency f s is thus obtained by: 



where fs = transmit frequency, f osz = oscillator frequency, N = 
divider factor 

As is apparent from the mathematical relationship, a nonintegral 
relationship results between the transmit frequency f s and the 
oscillator frequency f osz , which promises a good degree of immunity 
to effects. The selection of the signs in the formula is 
determined by the connection of the single- sideband mixer. There 
is the freedom to allow the oscillator to oscillate either below 
or above the desired frequency. Basically, the oscillator 
frequency f osz can also be selected in such a way that the 
oscillator frequency f osz fulfils the criterion of the best phase 
noise (best quality of the coil) given the equipment. 

In addition to the circuit arrangement according to the invention 
for generating the transmit frequency, a TDMA controller 31, known 
per se, for which the circuit arrangement for generating 
frequencies according to the invention is particularly suitable is 
also illustrated in figure 5. 

Figure 6 shows a further development of the circuit arrangement 
according to the invention from figure 5 . 

In this further development, a single- sideband mixer (= Image 
Reject Mixer) 20 was used instead of the mixer 32 and the 
subsequent band filter 33. If the operating conditions require it, 
another filter element (not illustrated) for suppressing the 
harmonics of the divided signal can also be used downstream of the 
divider 19. 
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The single- sideband mixer 20 typically has a first phase shifter 
21 for phase shifting and dividing the incoming oscillator 
frequency f osz and a second phase shifter 22 for phase shifting the 
incoming divided oscillator frequency f osz /N by 90° in each case. 
These frequencies which are each phase- shifted by 90° are mixed in 
the mixers 23 and 24, superimposed in the summing stage 25 and 
output as a desired transmit frequency f s . 

It is to be noted that the purpose of the phase shifting of 0° and 
90° illustrated here can also be achieved by a phase shift by -45° 
and +45° . 

The desired transmit frequency f s is also obtained here and in all 
the further examples in accordance with the same formula to be 
described with respect to figure 5. 

Since the frequency divider and single- sideband mixer can be 
integrated without difficulty with the contemporary technologies, 
this circuit arrangement leads to a considerable saving in chip 
area. Furthermore, there is a saving of a PLL with the external 
components of the loop filter connected thereto. 

Another circuit arrangement according to the invention for 
generating a transmit frequency is illustrated in figure 7. The 
oscillator frequency f osz is fed on the one hand to a divider 19 
and on the other hand to a phase shifter 36. By using a factor N 
which can be divided by two, the phase shift of 90° required for 
the principle of single-sideband mixing can advantageously be 
generated easily and precisely, as a result of which there is 
better suppression of the undesired sideband from the mixing 
process . 
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The output signals which are shifted by 90° are obtained in a 
generally known way in that the last divider stage of a divider 
chain is a double design, one of the two divider stages being fed 
the input signal in inverted form. 

Figure 8 shows a variant of the simple embodiment of the circuit 
arrangement according to the invention from figure 5 with a mixer 
33 and downstream band filter 33. The difference with respect to 
figure 5 is that here a modulation signal 41 is emitted to a 
modulator 4 0 which is arranged between the divider 19 and mixer 
32. This modulator 40 can be embodied, for example, as a vector 
modulator. The mixer 32 which is illustrated in. simplified form 
contains in practice two individual mixers, each being responsible 
for one signal . 

Such an embodiment has the advantage that any desired, even 
multivalued types of modulation can be generated with good 
frequency and/or phase stability. 

The modulation signal 4 which is supplied can, for example, be the 
IQ baseband, generated by a digital signal processor, of a OMSK, 
N-PSK or quadrature amplitude modulation. 

Another modification of the circuit arrangement according to the 
invention is illustrated in figure 9. This corresponds essentially 
to figure 5, but here, in order to generate and modulate the 
transmit frequency, two frequencies f osz (0 o ) and f osz (90°) which are 
phase- shifted by 90° and divided by N are fed to a mixer stage 39, 
which simultaneously operates as a modulator in that it mixes the 
data signals into a baseband conditioning means I and Q. The 
output signals are then conducted to the summing stage 25 and fed 
to the mixer 32. Here, the advantage arises from the precisely 
generated 0°/90° phase shift from the divider N which is required 
by the IQ modulator . 
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In the mixer 32, the transmit frequency f s including secondary 
frequencies is in turn generated by mixing with the oscillator 
frequency f osz , the secondary frequencies are largely filtered out 
during passage through the subsequent band filter 3 3 and the 
5 remaining transmit frequency f s is conducted to the transmitting 
amplifier 4 and irradiated via the antenna 5. As in figure 5, the 
optional TDMA controller 31 is also illustrated. 

A further possible way of transferring a modulation onto the 
10 transmit signal is illustrated in figure 10. The circuit 
arrangement also corresponds here to the simple design from 
figure 5, but a modulation is not superimposed on the oscillator 
frequency, but rather, instead of the band filter 33, a modulator 
M> 40, to which a modulation signal 41 is fed by a baseband, is 

y 15 arranged downstream of the mixer 32. This is therefore a 

"combination" of the design with an IQ modulator with which any 
OS desired types of modulation can be implemented, as illustrated in 

figures 8 and 9. 

s; 20 Figures 5 to 10 thus show a very wide variety of possibilities of 

Jl! modulating a transmit frequency f s generated according to the 

re* invention by means of different types of modulation such as GMSK 

(= Gaussian minimum shift keying) , nPSK ( = n-multiple phase shift 
keying) or QAM (= quadrature amplitude modulation) . 

La 

25 

Figure 11 shows a further circuit arrangement which illustrates a 
combination of frequency generation with a superhet receiver and 
provides further advantages. The basic design of the circuit 
corresponds to the circuit arrangement from figure 6, but there is 
3 0 additionally a superimposition receiver 36 with integrated receive 
mixer 3 7 and the 
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additional changeover switch 38, which permits the same PLL step 
size in the transmitting and receiving modes. 

In the receiving mode, the oscillator 2 generates the 
5 superimposition signal, while in the case of transmission the same 
oscillator 2 is used to generate the transmit frequency. The 
intermediate frequency in the case of reception is selected in 
such a way that it lies in the vicinity of the oscillator offset 
frequency in the case of transmission. The tuning range of the 
10 receiver is somewhat smaller in accordance with the offset between 
the transmit frequency and oscillator frequency, which however has 
hardly any effect in practice with relatively large divider 
factors. The coupling with the PLL is carried out by means of the 
H 1 changeover switch 38, downstream of the single-sideband mixer 20 

2f 15 in the case of transmission and directly by the oscillator 2 in 

y = the case of reception, in order to permit a uniform tuning step 

01 size of the PLL with the same reference frequency. It is 

2 advantageous here that only a single oscillator 2 is necessary for 

r 5~B? 

ffij the transmitting mode and the receiving mode and at the same time 

s 20 good stability of the transmit frequency is achieved in the TDMA 

UsTi mode . 

This circuit design shown is particularly suitable for DECT 
'r* systems . 



A disadvantage of the circuit arrangement according to the 
invention in comparison with an oscillator which operates at the 
limit frequency, namely the additional undesired mixing products 
of a real single- sideband mixer, can be reduced by adding a high- 
30 frequency filter, necessary in any case in the receiver, upstream 
of the transmit /receive changeover switch. In this case, the 
filter is used both for the transmit branch and for the receive 
branch . 



35 



Such a solution is illustrated by way of example in figure 12, 
which, apart from the transmitting amplifier 4, corresponds to the 
circuit arrangement from figure 6. The transmit/receive 
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changeover switch 28, which changes over between the transmit 
amplifier 4 and the receiver 30 (indicated by broken lines) is 
arranged subsequently. The aforementioned high-frequency filter 2 9 
is connected between the antenna 5 and' the transmit/receive 
5 changeover switch 28. 

Finally, figure 13 also shows a circuit arrangement according to 
the invention with a single -sideband mixer 20 as is described in 
figure 6. In this case, the TDMA controller 31 however ensures 
10 that a data signal for generating a frequency modulation is 
superimposed on the oscillator control signal at the time of the 
switching on of the transmit output stage. 

H* This is an arrangement such as is used, for example, in a DECT 

J( 15 system with "open-loop modulation method". When the switch 32 is 

y. closed, the oscillator 2 is set to the desired channel by means of 

DO the PLL circuit 1 during a time slot which is not required for the 

J? transmitting/receiving mode. Just before the start of 

ffl transmission, the switch 3 2 opens and the control variable which 

s 20 is acquired up to that point is stored in a storage element, not 

^ illustrated separately in the figure. A baseband signal for 

fy generating the DECT-GFSK (Gaussian frequency shift keying) 

H* modulation is superimposed by means of the switch 32 during the 

"r* emission of the stored control variable. The necessary frequency 

25 stability is made possible during the emission by the arrangement 
according to the invention of the divider and mixer or single- 
sideband mixer. That is to say, high-frequency effects from the 
transmitter stage on the oscillator 2 do not bring about any 
frequency offset after the switching on of the transmitter. 

30 

In total, the circuit arrangement according to the invention 
therefore ensures that, on the one hand, the favorable technical 
requirements of the transmission mixing concept can be utilized 



35 



O 

O 

oa 
m 

ry 
□ 



GR 99 P 2120 

- 16 - 

and, on the other hand, a high integration density of the circuit, 
and thus cost-effective manufacture are made possible. 
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1. An electronic circuit arrangement for generating a transmit 
frequency for a transceiver having the following features: a 

5 controllable oscillator (2) for generating an oscillator 

frequency (f OS z) , a divider (19) by a factor N and a mixer 
stage (32) with a subsequent band filter (33) are connected 
to one another in such a way that the oscillator frequency 
(f osz ) and an oscillator frequency (f OS z/N) which is divided 
10 by the factor N are fed to the mixer stage (32) as input 

signals . 

2. The electronic circuit arrangement as claimed in the 
preceding claim 1, characterized in that, instead of the 

15 mixer stage (32) with subsequent band filter (33) , a single- 

sideband mixer (20) which is embodied in particular as an 
"Image Reject Mixer" is provided. 

3 . Electronic circuit arrangement as claimed in any of the 
20 preceding claims 1 to 2, characterized in that a PLL circuit 

(1) is provided for stabilizing the oscillator frequency 
(f osz ) / to which PLL circuit (1) a reference frequency and 
either the oscillator frequency (f osz ) ° r the output 
frequency of the single- sideband mixer (2 0) or of the band 
25 filter (33) are fed as input signals. 

4. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 3 , characterized in that the factor N 
of the divider (19) is an integral multiple of the number 2 

3 0 and supplies two output signals which are phase-shifted by 

90° . 



5 . 



The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 4, characterized 
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in that a control device (31) is provided which, at the time 
of the switching on of a transmit output stage (4) which is 
connected to the output of the mixer stage (32) with the 
subsequent band filter (33) or of the single- sideband mixer 
5 (20) , superimposes on an oscillator control signal a data 

signal in order to generate a frequency modulation. 



6 . The electronic circuit arrangement as claimed in the 
preceding claim 5, characterized in that the control device 

10 (31) is an ASIC component. 

7. The electronic circuit arrangement as claimed in one of the 
preceding claims 5 to 6 , characterized in that the control 
device (31) activates two switches (32, 33) alternately, 

15 which disconnects the control input of the oscillator (2) at 

the time of the switching on of the transmit stage by the 
PLL circuit (1) and feeds in a data signal for purposes of 
frequency modulation. 

20 8. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 7, characterized in that a 



jql superimposition receiver (3 6) is provided which obtains its 

superimposition frequency directly from the oscillator 
frequency (f osz ) , and in that a changeover device (38) is 
25 provided which in the case of transmission is fed the output 

frequency to the mixer stage (32) with the subsequent band 
filter (33) or of the single-sideband mixer (20) , and in the 
case of reception is fed the oscillator frequency to the PLL 
circuit (1) . 



30 



9. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 8, characterized in that an amplifier 
(4) is provided at the output 
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of the mixer stage (32) with the subsequent band filter (33) 
or of the single- sideband mixer (20) . 
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10. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 9, characterized in that the 
oscillator (2) is voltage-controlled. 



5 11. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 9, characterized in that the 
oscillator (2) is current -controlled. 



12. The electronic circuit arrangement as claimed in one of the 
10 preceding claims 1 to 11, characterized in that a reference 

frequency (26) is supplied externally, 

13 . The electronic circuit arrangement as claimed in one of the 
jM : preceding claims 1 to 12, characterized in that a modulator 

*ZZ 15 (40, 39) , preferably a vector modulator (39) , with which a 

modulator signal is made available at the output of the 
yj mixer stage (32) by supplying an IQ modulation baseband 

signal, is arranged between the divider (19) and the mixer 
stage (32) or of the single-sideband mixer (20) . 

20 

14 . The electronic circuit arrangement as claimed in the 
preceding claim 13, characterized in that the signal which 
is acquired from the divider (19) and is phase-shifted by 
0°/90° is included in the generation of the vector 
25 modulation of the modulator (39) . 



15. The electronic circuit arrangement as claimed in one of the 
preceding claims 1 to 2 , characterized in that a modulation 
stage, preferably a vector modulation stage, which brings 
30 about modulation of the transmit signal, is arranged at the 

output of said electronic circuit. 
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Ich bestatfg* hiermit, das* ich dan Inhaft der ebigen 
Patentanmeldung elnachliessllch dcr AnsprQche 
durchgesehen und verstanden habe v die eventuell 
durch einen Zusateantnng wlc obcn crwfihnt abgcan 
dert wurde. 



Ich erkenne meine Pfllcht zur Offenbarung irgendwel- 
chei Infbrmationen, die fur die Prufung der voriiegen- 
den Anrneldung in Snklang mrt Absatz 37, Bundes- 
geeetzbueh, Paragraph 1.58(a) von Wichtigkeit sind, 
an. 



leh beanspruehe hiermit auslandische Prioritatsvorteila 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Aualandaanmeldungen fur ein Patent Oder 
eine bnindersurkunde. und hade auch alle Ausiands- 
anmeldungen far ein Patent oder eine Erfmdereurkun- 
de nachstehend gekennzelchnet, die ein Anmelde- 



datum haben, das vor dem Anmeidedatum 

Anrneldung liegl, ttii die Piluutat beaiispiuuhl wild. 



der 



A3 a below named inventor, I hereby dcolarethat 



My residence, post office address and rflbanship are 
as stated below next to my name! 



I believe I am the original, first and sole inventor (if only 
one name is listed below) oi an original, fiisl and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the Invention entitled 



Electronic circuit arrangement generating 
a transmit frequency 



the specification o? which 



(check one) 
□ is attached hereto. 
0 was filed un „ 



ao.05.2000 as 



PCT international application 
PCT Application No. POT/DE00/01759 
and was amended on . 



(If applicable) 



I heresy state that \ have reviewed and understand the 
contents of th® above identified spacificatinn, including 
the claims as amended by any amendment referred to 
above. 



i acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1 fifi(a) 



I hereby claim foreign priority benefits under Title 35, 

United States Code, §119 of any foreign application(s) 
fui patent or inventui's certificate listed below and have 
also identififtH ba|nw any foreign application for pat«nt 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed; 



Pagel 

Palenl and Trademark QfflwUS. DfiPARTMSNT OF COMMSRCB 



Form PTO-FB-240 (*-§3) 



German Language Declaration 



Prior foreign applications 
Prlorltat oeansprucht 



Priority Claimed 



19928998,0 

(Number) 
{Nummer) 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



DEL 

(Country) 
(Land) 



(Country) 
(Land) 



(Country) 
(Land) 



24,06.1999 
Day Month Yeai Filed) 
~>g Mnnat Jahr eingarelcht) 



J? 



12 

Yes 

Ja 



□ 

No 

Nein 



(Day-Month Year Filed) 
(Tag Monat Jahr elngerelcht) 



(Day Month Year Filed) 
fl '39 Monat Jahr eingereicnt) 



□ □ 
Yes No 

Ja Nein 



n n 

Yes No 

Ja Nein 



Ich beanspruche hiermit gemass Afasatz 35 der Zivil- 
prozeasordnung der Vereinigten Staaten, Paragraph 
120, den voizug aiier unren aurgerunrren Anmel- 
dungen und tails dor Gogonstand aus jedem Anspruch 
dieser Anmeldung merit in einer Trahersn 
amerikanisehen Paterrtanmeldung laut dem srsten 
Faragraphen des Absatzes 35 der Zh/ilprpzeOordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
crkenne ioh gemftss Abcat: 37, Bundoegesetzbuoh, 
Paragraph 1.56(a) meme Ptiicht zur onenbarung von 
Informatlonen an, dia swlechen dam Anrneldadatum 
derfraheren Anmeldung und dem nationalen oder PCT 
internattonalen Anmeldsdatum dieser Anmftiriung 
bekannt geworden bind 



I hereby claim the benefit under Title 35, United states 
Code. §120 of any United States appliootion(s) listed 
below and, insofar as the subject matter or each or the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Titia 35, United States Coda, 
§122, I acknowledge the duty to disclose material 
Information as defined in Title 37, Code ot Federal 
Regulations, § 1.56(a) which oceurad between the filing 
date of the prior application and the national or PCT 
international filing date of this application, 



PCT/DE00/017SQ 



(Application Serial No.} 
CAtimeldeaeriennumm er) 



(Application Serial No,) 
(Anmeldcsoftonnummcr) 



30.06.2000 
(Filing Dale D, M, Y) 
(Anmeldedatum T ( M, J) 



(Filing Data D,M,Y) 
(Anmeldeetalum T, Mf J) 



anhanqlq 
(Siaius) 

(palenliert, anhanglg, 
aufgegeban) 



pending 

(Slams) 

(patented, pending, 
abandoned) 



(Status) 

(patented, ponding, 



leh erieiare hiermrt, dass alia von mir in der vorliegsn- 
den Erklerung gemachten Angaben hach mefhem 
besten Wissen und Ciewissen der voilen Wahrheii 
entspreehon, und dass ich diose eidesstattliohc Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falscho Angabon gomass Paragraph 1001, 
Absatz IS der Zivilprozesscrdnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gesfanynis b»straft wercten koennen, und dass derartig 
wissentlich und vors&tzlich falsche Angaben die GOl- 
tigkeit der voHlegenden Patontanmeldung oder ainos 
darauf erteilten Patentes gefahrden konnen. 



(Status) 

(patontioii, anhflngig, 
aufgeben) 



1 hereby declare that all statements made herein of my^ 
own knowledge aro true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 or TiUe 16 or Urn United Stales 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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Petom and Trademark Off?oo-U,a. DEPARTMENT OF COMMERCE 



German Language Declaration 

VERTRETUNGSVOLLMACHT; Ale benanhter Erfinder POWER OF ATTORNEY: As a named inventor, 

beauftrage Ich Wermlt den nacnstehend faenannten hereby appoinl tfie following attorney^) anti/wi 

Pat«ntanwalt (oder die nachstehend benannten *g«ht{si) to prosecute this application and transact alj 

PalenUmwalte) und/oder Patent-Agenten mit der business in the Patent and Trademark Office 

Verfoigung der vorlisgendwi Patentanmelriung sowie connected therewith, (list name and registration 

mit der Abwickiung alter damit verbundenen Geschifte number) 
vor dem Patent- und Warenzeichenamt (Name una 
Rogfatrationonumrnor onfQhren) 

And I hereby appelnt 

customer No. 21171 



Telefbngeepraehe bitte rlchten an: Direct Telephone Calls to: (nime end telephone 

(Name und Tefofonnummar) number) 

Ext. i 



Postanschrift ©end Correspondence to: 

Staas & Halsey LLP 
700 Eleventh Street NW. Suite 500 20001 Washington, DC 
Telephone: (001) 202 434 1500 and Facsimile (001) 202 434 1501 

OP 

Customer Wo. 21171 



Vollor Name doa einzigen odor ureprOngHchon Erfindora: 

VOLKER DETERING i - ^ 


Full name of aalo or first inventor 

VOLKER DETERING ! 


Untarachrift doc Erfindana Datum 


Inventor's signature Data 1 

1 i 


Wohnsite f 

EMMERICH, DEUTSCHLAND 


Residence 

EMMERICH. GERMANY X3<=r^c 




StaatsanflehflriflkaH 
DE 


Citizenship 
DE 




PestameMR 

GROENDAHLSCHER WEG 20 


Post Office Addess 

GROENDAHLSCHER WEG 20 




46446 EMMERICH 


46446 EMMERICH 




Veller Mam* d»e sweilen Miterfinderc (folic sitroffond}; 

Dr. STEFAN HEINEN f 2- oo 


Full noma of ooaond Joint invontar, If any: 1 | 

Dr. STEFAN HEINEN 


UnterachrifldeEErtitffl»ra^ f W Datum 


Second Inventor's signature Date 

w 




Wonnsitz " w ~ t/ ~[ 

KREFELD. DEUTSCHLAND 


Residence 

KREFELD. GERMANY -13£L?c 




Sloalaangohdrighait 

DC 


Cilleonahip 

DE 




PdStSMMCMtt 

ZUR EIBE 9 


Pnel nftlce Address 
ZUR EIBE 9 




47802 KREFELD 


47802 KREFELD 





(Bitte entsprechende Informationen und UntersGhriften im 
pQlle von dritten und woftoron Mitorfindorn ongobon). 



subsequent joint inventors). 



Form PTO-FB-94Q (flJtt) 
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